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Abstract
We calculate the spin dependent structure function of the polarized virtual pho-
ton gγ1 (x;Q
2; p2), especially its hadronic part, using the OPE in the inverse powers of
the target-photon virtuality. Some model is accepted to achieve a correct analytical
behaviour in the photon squared mass. This enables extrapolation to the case of a
real photon. The result is valid in the region of intermediate values of the Bjorken
variable x, as was advocated previously.
Since 1977 [1] the deep inelastic electron scattering from a photon target has be-
come a new subject of the intensive theoretical studies in the framework of QCD1.
Much progress has been achieved in this direction [3]. As was rstly advocated by
Witten the nonpolarized structure function F2(x) can be calculated using the pertur-
bative QCD alone. At that time there was considerable optimism that this process
was an excellent test for the perturbative QCD and might provide an accurate mea-
surement of s. By now the optimism has waned considerably. This happens because
Witten’s suggestion is true only for the asymptotically large probe-photon momen-
tum transferred squared where a "contact"-type term due to the photon operators
in the framework of OPE turns out to be dominant. At smaller values of Q2 the
hadronic component become sizable, the photon admits considerable contribution
that comes from the nonperturbative region. Due to this contamination the hope
of pure extraction of QCD from this reaction in real experiment fails owing to the
large uncertainty in the theoretical prediction for this part. Till recently the only
estimations for the latter have been obtained from the Vector Meson Dominance
Models [3].
The rst QCD based calculation of the hadronic part has been initiated by
Balitsky [4]. However, only a few rst moments rather than x-dependence of the
structure function were found in his paper. Recently a new approach to calculation
of the photon structure function in QCD has been developed [5]. It enables one to
evaluate the structure function in the region of intermediate x and was successfully
applied to the case of spin averaged scattering.
In recent times the polarized photon structure functions have attracted a lot of
attention. In ref. [6] OPE and the renomalization group analysis was extended to
the polarized sector, while refs. [7] deal with the rst moment of the spin depen-
dent structure function gγ1 (x) and its sensitivity to the chiral symmetry realization.
In these papers as in the Witten’s one the hadronic component was completely
1For the rst discussion of the photon structure functions in the context of the gauge theories
see the paper by Ahmed and Ross [2] and references given therein.
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disregarded.
In the present investigation we concentrate on the calculation of the polarized
structure function gγ1 (x) following the method mentioned above. We shall start with
the consideration of the structure function when the target photon virtuality is large
and spacelike but −p2  Q2 and apply the OPE to the discontinuity of the forward
photon-photon scattering amplitude, which results in the expansion in the inverse
powers of target-photon virtuality p2. To obtain the correct analytical properties
in the photon o-shellness, we adopt a certain model for the structure function and
the hadronic spectrum. Comparing the two representations of the same quantity we
can x unambiguously all unknown parameters.
The sensitivity to the QCD radiative corrections is poor until very large Q2 is
attained much larger than is now available. Thus, we restrict ourselves to the lowest
order graphs and to the consideration of light quarks only.







qQq  qγ q is the electromagnetic quark current. This amplitude is
originated from the T -product of two electromagnetic currents between the photon
states and application of the Lehmann-Symanzik-Zimmermann reduction formula.
The discontinuity across the branch cut on the real axis in the complex plane of
! = 1
x
, where x is the usual Bjorken variable, gives us the structure function we are
interested in. In order to nd the polarized spin structure function, we isolate it as












where s = iγpγ and  is a photon polarization vector. More precisely,
for the purposes of this paper it is enough to pick out the antisymmetric tensor
(gg − gg).
As a rst step we have to nd the contribution of the unit operator. This
result is well known since the "photon-photon fusion" process was calculated even
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before the advent of QCD [8]. However, to reproduce unambiguously the spectral
densities in the dispersion representation for the structure function, which require
some intermediate result, such a calculation has to be performed over again. We
restrict ourselves to the scaling approximation, i.e. to taking into account the rst
nonvanishing term in the expansion in powers of p2=Q2, therefore limiting to the








































q is an average of the fourth powers of the quark charges. This
result is twice that represented by diagrams in g.1 due to the clockwise and counter-
clockwise directions of the internal quark lines, each term in the curve brackets
corresponds to the graph (a) and (b), respectively. The rst line of this equation
will be used in the following to x the parameters of the hadronic spectrum.
From all power corrections up to dimension eight we calculate only one due to
the gluon condensate hs

G2i. This can be elucidated by the facts that the lowest
dimension quark condensate h   i cannot appear due to chiral invariance as it is
accompanied by the light quark mass which we set equal to zero in all calculations.
The contribution of the three-gluon condensate hg3fG3i is usually small. Dimension
six four-quark condensate can be omitted because its contribution is proportional to
the delta function | (1− x) and turns out to be beyond the scope of the method.
Of course, this singular contribution can be smeared over the whole region of the
momentum fraction from zero to unity by introducing the concept of nonlocal quark
condensate. But as will be discussed at the end of the paper it can be neglected too.
To simplify the calculation of the leading power correction, it is convenient to use
xed-point gauge for the background gluon eld (x− x0)Ba(x) = 0. We chose the
xed point in the vertex of the hard photon emission x0 = 0. The quark propagator
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A non-zero contribution comes in the leading twist from the diagrams depicted






























































Collecting all contributions we obtain the following structure function for the

































On the other hand we can use the analitical properties in p2 [10] and represent
the structure function via dispersion relation with respect to p2 in terms of the
physical states.
gγ1 (x;Q
























For functions Gi we accept the technique standard for the QCD sum rules, "reso-


































where p20 = 1:5GeV
2 is a threshold value for the vector meson channel and m2 =
0:6GeV 2 is a -meson mass squared.








2 − (1− x)2];
G
(2)

















Substituting them back into the dispersion relation (7) and expanding in the in-
verse powers of p2 we can compare the resulting expression with QCD calculated
gγ1 (x;Q
































Finally, we collect all functions and make integration in eq.(7) keeping the leading
twist-2 contribution. We come to the polarized virtual structure function which
possesses the correct analytical properties in the photon squared mass and accounts







































Now we make some comments about the introduction of the nonlocal quark
condensates . Such an attempt was made in ref. [11] for the spin averaged structure
function F2(x). But there are two shortcomings in this paper. First, the authors
claim that the contribution due to the quark condensate improves considerably the
description of experimental data, though, there is a numerical error in their answer:
the coecient in front of the nonlocal vector quark condensate is three times smaller.
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The second fact is connected with improper treatment of nonlocal objects. The
diagram with a nonlocal scalar condensate used in their paper does not exist. This
can be seen from the following facts. As was shown long ago in Ioe’s paper [12]
the virtuality of the active quark lines in the box on which the hard γ-quantum is
scattered is of an order of k2  xp2 or for the transverse component of the quark
momentum k2?  x(1 − x)p
2. This statement is valid only for the imaginary part
of T; when the propagators corresponding to the horizontal lines are on the
mass-shell [13]. The use of OPE in the target-photon virtuality can be justied if
−p2  R−2conf , where Rconf is the connement radius. So, the virtuality of the quark
line is large in the region of intermediate x where this method can be used, and
there is no reason to substitute the perturbative propagator by some function that
simulates large distance propagation. In the limit x! 0 the OPE series diverges as
well as for x! 1 [13].
Of course, one can convince oneself that from the viewpoint of the operator
product expansion the nonlocal quark condensate corresponds to summing up an
innite subset of higher-dimension local condensates. But it is only a certain subset
that is summed up while all the other power corrections are ignored at the same time,
in spite of the fact that there is no reason to neglect them. Therefore, this cannot
resolve the problem of OPE convergence for the problem in question. Moreover, the
diagram of this type becomes disconnected in the local limit. Due to the fact that
the contribution of nonlocal quark condensate has no numerical enhancement, we
disregard the latter in our analysis.
Equation (11) is our main result.
In g.3 we represent the result of calculation of the real target-photon asymmetry









































The long- and short-dashed curves correspond to the continuum and the vector-
meson contributions to the structure function, respectively. They are represented
by the rst and second terms in the expression (11). From duality we conclude that
the former can be understood as a perturbative part while the latter as a hadronic
one. The solid curve is an asymmetry with a full structure function (11).
Unfortunately, up to now there are no available experimental data on the photon
spin structure function gγ1 as its measurement is at the limits of the possibilities of
the polarized colliders. Future measurements would provide an important insight
into the underlying dynamical eects associated with polarized quark and gluon
content of the photon.
Acknowledgments.
We would like to thank O.V.Teryaev for useful conversations. This work was
supported by the International Science Foundation under grant RFE300 and the
Russian Foundation for Fundamental Investigation under grant N 93-02-3811.
7
References
[1] Witten E 1977 Nucl. Phys. B 120 189
[2] Ahmed M A and Ross G G 1975 Phys. Lett. 59B 369
[3] For a review, see Berger Ch and Wagner W 1987 Phys. Rep. 146 1
[4] Balitsky I I 1982 Phys. Lett. 114B 53; 1983 Yad. Fiz. 37 163; 1984 Yad. Fiz.
39 966
[5] Gorsky A S, Ioe B L, Khodjamirian A Yu and Oganesian A 1990 Z. Phys. C
44 523; 1990 Sov. Phys. JETP 70 25
[6] Manohar A V 1988 Phys. Lett. 219B 357
[7] Efremov A V and Teryaev O V 1990 Phys. Lett. 240B 200
Bass S D 1992 Int. Jour. Mod. Phys. A 7 6039
Narison S, Shore G M and Veneziano G 1993 Nucl. Phys. B 391 69
Shore G M and Veneziano G 1993 Mod. Phys. Lett. A 8 373
[8] Budnev V M, Ginzburg I F, Meledin G V and Serbo G V 1975 Phys. Rep. 15C
183
[9] Novikov V A, Shifman M A, Vainshtein A I and Zakharov V I 1984 Fortschr.
Phys. 32 585
[10] Bjorken J D 1989 Preprint SLAC-PUB-5103
[11] Bakulev A P and Mikhailov S V 1994 JETP Lett. 60 150
[12] Ioe B L 1985 JETP Lett. 42 327; 1986 JETP Lett. 43 406















































































































































































































































Fig.2. Gluon condensate contribution to the imaginary part of the forward
γγ-scattering amplitude.
Fig.3. Real photon asymmetry at Q2 = 10GeV 2. The solid curve corresponds to
the full spin dependent structure function given by eq. (11), while long- and
short-dashed lines correspond to the continuum and hadronic contributions to the
latter.
